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INTRODUCTION

Recently, the refractive index can easily be controlled to make the periodic structures such
as optoelectronic devices, photonic bandgap crystals , frequency selective devices, and other
applications by the development of manufacturing technology of optical devices!. Thus, the
scattering and guiding problems of the inhomogeneous gratings have been considerable inter-
est, and many analytical and numerical methods which are applicable to the dielectric gratings
having an arbitrarily periodic structures combination of dielectric and metallic materials®*

In this paper, we proposed a new method for the scattering of electromagnetic waves by in-
homogeneous dielectric gratings with perfectly conducting strip using the combination of im-
proved Fourier series expansion method™ and point matching method™.

METHOD OF ANALYSIS

We consider inhomogeneous dielectric gratings with perfectly conducting strip as shown in
Fig.1(a). The grating is uniform in the y-direction and the permittivity &(x,z) with respect to
the position( = w) is an arbitrary periodic function of z with period p.The permeability is as-
sumed to be 4. The time dependence is exp(—iwt) and suppressed throughout. In the formu-
lation, the TM wave is discussed. When the TM wave (the magnetic field has only the y-
component jis assumed to be incident from x >0 at the angle &, the magnetic fields in the
regions S,(x>0) and S, (x £ —d) are expressed” as

S(x20) : HP = MEmaxet)  gihssind irj“e‘(""”‘“”""/");k,éa) " | 1)
S(x<—d) : H® =en Z R o Nz”” & @)
kP2 Jie [~ 72 7, 2 ksing, +2an]p, k, 221/4, j=1,3.
where r"" and ¥ are unknown coefficients to be determined by boundary conditions.

H, X
%, z z
5 d PR i _52\(){ ;)7 G -

(a)Coordmate system, (b) Approx1mated inhomogeneous layers.

Fig.1 Structure of inhomogeneous dielectric grating with perfectly conducting strip.
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Main process of our method to treat these problems is as follows (see Fig.1(b)):
(1) First, the grating layer (~d < x < 0) is approximated by an assembly of M stratified layer of

modulated index profile with step size d,(=d/M ) approximated to step index profile

" (2)[E (I +05)d,,z); 1=1~M], and the magnetic fields are expanded appropriately by a fi-
nite Fourier series.

Sz('—'d <X<O) : H;/_z) - 5: {:A(” 1;,(’){;+(I —1)d } B(/) 1/1(“(\+I(1 ):] lklzsmﬁ‘, Z u(l) i27nzfp (3)

V"

v=1 n=—N

where A" is the propagation constant in the x-direction.We get the following eigenvalue

equation in regard to A" ® .

AU ={ BV AU A R[0T, A, 2[¢0], 1=1~M “
where, U £ [uf” i e "’] T: transpose ,
C»Y,?; é 15,1:1 =V {7)1771(1,;1 + 2” n n’)nl(lll)n /p} ( '2 (k Slne + 2ﬂn/p) (5)

Moo élL [0 ()} e gz, gnel ["{e"@) " dz, mn==-N,-,0,-N .
P P

For the TM case, the permittivity profile approximated by a Fourier series of Nf terms'™
and N, is related to the modal truncation number M(N =1.5N ) Bl

(2) Second, the strip region(j </ < j+1), see Fig.1(b), we obtain the matrix form combination
of metallic region C and the dielectric region C using boundary condition at the matching
points z, (= pk/(2N +1),k = O -2N) on x= ~I-d, (l j).Boundary condition are as follows:

2N+
1) inz
2 € C{ECN = £ 2 0] A [ 4 — Y] Z ulfle™ =0, (©)

v=l n=-N

2N+ " N

j+1 ; ipU
Z hvl_l* )[A(V]H) +B$,j+l)elll‘, dy ]’ Z u’(,j\ﬂ)eln‘ =0
v=l n=-N

z, € 5.[]_1(2.1) = H(z,m)]

2N+1

N .
1+
Z [AU) i, + B(/)] Z u(;)en“ = Z [A(j+l) +B(1+I)e:h’ dy ] Z u},’,*”e"" (7)

n=-N v=|

(2.0 . F(2.0+1) I gireitds . pii z m iz
z, €T[EEN = EEIV gm(z)}:h [ 40e"" - By ullem

n=-N

1 ‘Evj h 11+l)[A(/H) +BU+|) i ] Z u(hl) inzy (8)

S(IH)( ) n=-N "
In the Eq.(8), the boundary condition at E{*/ = E>/*Y it is satisfied in all matching points.
Therefor, rearranging after multiplying both sides &,(z)-£,,,(z) in Eq.(8) by using the or-

thogonality properties of {¢">'?} ,we get following equation.
2N+1 2N+1

Z hf,»”[ Ay Bf:/’:l G = Z h”*”[ AGHY . U i ] AL
v=l v =l (9)
where g2 > ulin ) oyl £ Z U Ty 1==N,,0,- N .

mn=~N m=—N
By using matrix algebra in Eq.(9), we get following matrix form.
(I)( /')C(,/')[D(.I')A(.I') _ B(j)] — q](_iﬂ)c(_fﬂ)[A(jH) - D(_i+l)B(,i+l)] , (10)
where @V & [¢':JV)] o A[ (/+n] c AR Svensin ] DY A NN

(n+N+1), v] 5(:1+N+1),v :
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Kronecker's delta. We get following matrix form combined with Eq.(6) and Eq.(7).
Hn(])[Dv(/)A(/) + Dn(,/)B(,/)] - Hv(j+|)[A(j+1) + Dr(/+l) B(.IH)] @ @ @ @@ @ @ ql 1)

. (DA [, H
M : M PR D' —[ﬂe . §(n+N4~l)v] >
~iNzk i0zk iNzk — . =1 - -
H )= e e e Z ec R0 n=h";z,ec, n=1;z, €ec
. ’
n (A
N " ° . : D [77 (n+N+l)V]
-iNzk i0zk iNzk —_
see e “ra e ) . - . —
€ 1} zec n=-h";z,ec,np=1;z €c
. 0 0 0 Zk ec . . 1 j+h
b (J+) (G+DA rp(j+D) i/™d,
H'( )‘—“ . . . . . .U aD' _[hv € ' '5{n+N+I).v]
e-iNzk ei()zk eiNzk } Zk e E

(3) Finally, we obtain the relationship between A", B and A™’ ,B™’ .
[A‘”]é(8§” S‘;’}[S}z’ S(ZZJJM (S{“ S%”\]..(S{M’ S(ZM)J[A(M)]=(SI ‘SZJ(A(M)] (12)
B(l‘) S;” SE,” SQZI S;Z) Sg'” S;j) ng SE%M) B(M) S3 S4 B(M)
wherel# j S 2[ Vs | k=1~4,I=1~M,

(+) _(h
() A 1[ () +0”)h”+” /h(”] -, (1) (2) AWM S(B) e{""+~+' h }"
2
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5@ A[ o dm:l ! [vm -0 d”*”] cUr g é[VI—x +D—l(j):| 'I:Vn—le D' 0:},
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Il ¥ nv
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Using Eq.(12), we get the following homogeneous matrix equation in regard to 4™ .

W-AM =F, WELQS +Q,8, -(QS, +QZS )Q;’Q3_|, (13)
The mode power transmission coefficients | 7}, M) 2 s given by
T P2 6 Re{ AP} R (k) (14)

CONCLUSION

In this paper, we have proposed a new method for the scattering of electromagnetic waves
by inhomo l;geneous dielectric gratings with perfectly conducting strip using the combination of
improved Fourier series expansion method and point matching method.
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